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Abstract 
As part of the 2006 French Act on sustainable radioactive waste and waste management, CEA has been developing a process, 
(EXAm), in order to separate americium from curium and fission product downstream of COEXTM or PUREX processes. The 
goal is to recover Am up to 99%. The first step mainly consists of splitting americium from curium thanks to the diamide in 
organic phase combined with a complexing agent in high nitric acid. The low separation factor between Am and Cm leads to 
a very sensitive process flowsheet towards operating conditions. It is then difficult to manage high recovery yields with good 
purity. A model has been built taking into account complexation equilibria by TEDGA in aqueous phase and extraction 
equilibria in organic phase for each element. This model was put into the PAREX code to find the correct flowsheet, and then 
to conduct sensitivity studies regarding several parameters such as feed flow, acidity, temperature, solvent flow and reagent 
concentration. These studies have pointed out a high correlation between americium yield and decontamination factor and, 
also, an equivalence between any change of the most sensitive parameters and a change in TEDGA concentration. A running 
procedure was followed during two hot tests: the main concept was to start with a less efficient process and then to improve it
during the test in order to reach required performances by adjusting the TEDGA flow rate. 
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1. Introduction 
As part of the French Act of June 2006 on sustainable radioactive waste and waste management, the 
recovering of minor actinides from spent nuclear fuel is investigated for heterogeneous recycling in Generation-
IV reactors. Within minor actinides, americium is, after plutonium, the main contributor to residual heat of long 
term radioactive waste. The americium recycling in future nuclear reactors could decrease toxicity and residual 
heat which determines the waste density within the geological repository. For nuclear fuel manufacturing, it 
would be better, for the same reason, to separate americium from curium [1]. 
CEA has been developing a process, called EXAm, in order to separate americium from curium and fission 
products downstream of the COEXTM or the PUREX process. The goal is to recover americium up to 99% with a 
decontamination factor about 1000. 
Splitting curium from americium using DMDOHEMA in an organic phase is not very easy because of a low 
separation factor (~1.6) and the required specification; thus the use of a complexing agent (TEDGA) leads to an 
increase in the separation factor to 2.2 and then to a lower stage number. The separation factor between Am and 
Cm is the ratio between the distribution ratios of Am and Cm. The distribution coefficient of an element M is the 
ratio of the total concentration of M in the organic phase to its total concentration in the aqueous phase. 
Even if the separation factor between Am and Cm is increased, it remains low and leads to a process which is 
very sensitive towards some operating parameters. Therefore, sensitive parameters and relevant measuring points 
have to be identified in order to achieve the required specifications. 
2. EXAm Process 
The block-diagram of the EXAm process (figure 1) consists of the following main steps: 
x Extraction and scrubbing section where americium and curium are separated,  
x Molybdenum stripping section to prevent molybdenum from following americium, 
x Americium stripping and lanthanides scrubbing section, 
x Lanthanides and iron stripping section. 
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Fig. 1: Block-diagram of the EXAm process 
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The first extraction/scrubbing step, is very tricky and needs an accurate simulation. A phenomenological 
model has been developed and implemented in the PAREX code in order to design and simulate the first section 
“americium and curium splitting” with the best accuracy; this model takes into account extraction of several 
complexes of nitric acid, lanthanides or actinides with TEDGA and DMDOHEMA [2]. PAREX is software 
developed by CEA and AREVA-NC to model and to simulate the liquid-liquid extraction operations 
implemented in laboratory or on an industrial scale, including the reprocessing of nuclear spent fuel at La Hague 
[3]. 
Thanks to the newly developed model and PAREX, a flowsheet meeting the required specifications can be 
calculated, with cation concentration profiles in every stage of the first extraction/scrubbing step. Figure 2 shows 
the detailed flowsheet of this step which is studied in this paper; where AX corresponds to the americium 
extraction operation and AS to the curium scrubbing operation. 
Fig. 2: Details of the Am extraction and Cm scrubbing sections 
3. Sensitivity studies 
Actinides and lanthanides have very similar behavior, and splitting operations with a quite low separation 
factor are always tricky and very sensitive, especially when high recovery rates and high purity are aimed. Once 
the model is implemented in PAREX and a flowsheet designed, it is important to perform a sensitivity analysis to 
determine the operating parameters that have the greatest impact on the performance if they undergo a change 
(eg. flow rates and concentrations of the inflows). This study identifies the flowsheet parameters to master in 
order to achieve the performances. In the case of the EXAm flowsheet, a strong sensitivity of the 
decontamination factor of americium towards curium was observed when americium recovery yield exceeds 99% 
as shown in figure 3a. The decontamination factor noted DF(Am/Cm) is the ratio of the concentrations of 
americium-curium input divided by the measured output. This sensitivity implies the need to control the 
flowsheet especially when the recovery performance is close to 99% with a high decontamination of americium, 
in order to have a good compromise between these two parameters. Figure 3b, shows the percentage of extracted 
americium, calculated by PAREX, depending on the concentration of TEDGA in the extraction section: a 
decrease of 3.10-3 mol/L in TEDGA concentration, increases the yield of recovery of americium from 95% to 
99%. The TEDGA concentration in this step is therefore the sensitive parameter to pilot the flowsheet. 
To avoid modifications of several parameters at the same time, the process flowsheet applied for the studies 
was built with several divided reagent feeds to modify only the quantity of the complexing reagent without 
changing the global flowrate and the acidity. 
A change in parameters such as main feed flow rate, lanthanides concentration, zirconium concentration 
(which is preferentially complexed) and the complexing agent concentration has the same effect as a 
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modification in the concentration of “free” complexing agent: a rise of the “free” complexing agent leads to a 
decrease in the yield of americium extraction and a decrease in the decontamination factor. 
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Fig. 3. (a) Correlation between americium yield extraction and decontamination factor; (b) Correlation between americium extraction yield 
and complexing agent concentration in the extraction section 
4. Operating procedure 
A study, as described before, is useful to propose, before the test, a startup procedure and flowsheet 
correction, based on analytical measurements during the test to optimize performances. Changes proposed for 
this EXAm flowsheet implemented in ATALANTE facility are based on a flow correction of TEDGA. In the 
case of this process EXAm, target performances are 99% recovery of americium with DF(Am/Cm) higher than 
500. 
To avoid a process with a high yield of americium but with a risk of poor decontamination factors, due to 
imprecision, we have deliberately chosen to start the test with a less efficient process that would lead to a 
recovering yield of americium 5 or 10 % fewer than aimed. Once the yield of the current flowsheet is estimated, 
the TEDGA flow rate is adjusted to have the same difference of the complexing agent in the extraction part as 
shown in figure 3b. The flowsheet is then improved in order to reach the aimed performances. 
This procedure has other advantages : 
x The increase in americium concentration in the curium production flow is quicker and it will reach a 
stabilized value within 10 hours; 
x The americium concentration level is high enough to be easily analyzed, unlike a process with the 
right specifications which leads to results that are too low to be easily quantified. 
5. Achieved genuine test in the ATALANTE facility 
A test in mixer settlers, to process a genuine raffinate issued from a PUREX process was achieved in the high 
level process shielded line (CBP) in the ATALANTE facility during March 2010 over a period of 54 hours [4]. 
The previously described procedure was successfully applied; after having run a less efficient process for 
about 11 hours, the TEDGA flow was adjusted in order to have the targeted yield. Figure 4 shows the decrease in 
americium concentration in the aqueous waste outflow, after the change of TEDGA flow rate. That means 
americium is better extracted in the organic phase leading to a better yield recovery. We notice from this figure 
that the Am concentration increases again after 35 hours. The previous sensitivity study has led to draw a set of 
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transition curves for suitable analytical points followed during the test. These curves are very useful during the 
test to determine if the implemented flowsheet is closed to the nominal one. Figure 5 shows an example of curves 
calculated with PAREX to follow the production of americium, with flowsheets similar to the nominal (light blue 
curve). The red dots correspond to analyses during the test. The experimental measurements are close to 
calculated values for the nominal flowsheet. The observed deviation around 35 hours indicates a malfunction. 
PAREX is very useful to establish a strategy for flowsheet correction in case of anomalies. Thanks to its 
computing capacity, this code can quickly calculate the time required to return to steady state (acceleration factor 
of 1000-5000 according to complexity of involved mechanisms). 
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Fig. 4. Evolution of americium and neodymium concentrations in the waste flow before and after TEDGA flow change 
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Fig. 5. Transient curves for americium in production flow measured by ICP-AES (red dots) and  
calculated by PAREX with flowsheets close to the nominal (light blue curve) 
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Finally, for the hot test, the americium extraction yield was about 98.7% and the decontamination factor of 
americium from curium was about 500. 
This test was also conducted thanks to on-line spectrophotometry with measurement of americium and 
neodymium concentration in various stages of Cm scrubbing section. These measures showed the evolution of 
the process and mainly its stability before stopping the test (Figure 6). 
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Fig. 6. On-line americium spectrophotometric monitoring in the scrubbing mixer-settler 
extractor and comparison with titrations performed by ICP/AES and gamma spectrometry 
At the end of the test, samples were taken; the measured and calculated profiles of americium and curium are 
presented in figure 7; they show a good agreement between experimentation and simulation. 
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Fig. 7. Concentration profiles of americium (a) and curium (b) in extraction and scrubbing sections (AX-AS) at the end of the hot test 
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6. Conclusions 
Designing and conducting a separation process to split two elements such as americium and curium that have 
very similar chemical properties are highly sensitive tasks. Thanks to a specifically developed phenomenological 
model implemented in the PAREX code, an efficient splitting section has been designed and a running procedure 
has been suggested allowing to reach the desired specifications. 
The hot test run in the high level process shielded line (CBP) in ATALANTE facility shows the importance of 
having a reliable model implemented in an efficient computing code to conduct successfully such a sensitive 
process. 
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